We have suggested that the Yang-Mills(YM) field can be a kind of candidate of inflation at high energy scale or dark energy at the very low energy scale, which can naturally give the matter state of ω < 0, even it can give ω < −1. In this paper, we discuss the perturbation theory of the YM field, and give a series of equations which can describe the evolution of the YM field's perturbation in the Robertson-Walker space-time. Then for example we discuss solution of the only "electric" field, and find that this field can not generate the scale-invariant initial scalar perturbation spectrum, so it can not as a kind of inflation field, although it can give a nearly de Sitter expansion. But as a kind of dark energy, we find ω + 1 ∝ 1/a 2 , so it will give a nearly de Sitter expansion which is same with the observation results. We also research the perturbation of this kind of dark energy, and find that if not considering the field perturbation δE, then the dark energy will be no perturbation δp = δρ = 0, which is different with the scalar field dark energy, but fit well with the observation. If there are field perturbation, the sound velocity is c 2 s = −1/3, which will alter the evolution of the cosmic scalar perturbation, this should have obvious effect on the large scale power spectrum of Cosmic Microwave Background Radiation(CMB).
Introduction.
It is well know that the inflation and the dark energy are two of the most important problems of the cosmology. They all need a kind of matter with the pressure p ≃ −ρ [1] [2] [3] [4] [5] . And recently, from WMAP, we know at the larger wavelength of k = 0.002M pc −1 , (where we have set the scale factor of now a 0 = 1), the index of the initial fluctuate spectrum n s ≃ −1.2 [2] , which is difficult to get from the single scalar field inflation model. The constraint on the dark energy from the SNI, CMB and LSS [2] [3] [4] also suggested that the dark energy have a state of p ≃ −ρ. We have advised that the Yang-Mills field [7] [8] can be used to describe it. There are two major reason that prompt us to study this system. First the scalar models the connection of field Φ to particle physics models has not been clear so far. It would be the theoretically preferable if the inflation model can be incorporated naturally as an integral part of a sensible particle physics model. The second reason is that the weak energy condition (WEC) can not be violated by the field Φ. Therefore, it becomes desirable to look for alternatives and to find a proper candidate matter for inflation and dark energy. We have proposed the YM inflationary model in which a quantum effective YM condensate is used as the source of inflation, instead of scalar field. This model has the desired interesting featured: the YM field are the indispenable cornerstone to any particle physics model with interactions mediated by gauge bosons, so it can be incorporated into a sensible unified theory of particle physics. Besides, the equation of state of matter for the effective YM condensate is different from that of ordinary matter as well as the scalar fields, and the state of matter of p < −ρ can be naturally realized, which was weakly advised by the recent observation [6] .
In this paper, we discuss the perturbation equations on YM field, and give the equations to describe the perturbation of the YM field. For discussing if it appropriate to describe the inflation of the Universe, we discuss the solution of the equations set with only electric field, and find it can not give a scale-invariant initial perturbation power, which was found in CMB power spectrum, although YM field can give state with ω <≃ −1. But as a kind of dark energy, from the zero order of YM field, we get the simple relation of the matter: 1 + ω ∝ (1 + z) 2 , which tell us that ω will go to −1 with the expansion of the Universe, no matter its initial value is larger than −1 or smaller than −1. But it also tell us that ω can not cross −1. From the first order Einstein equations, we get the equation of the the YM perturbation, and find that this field is very different with the scalar field dark energy model. This YM field has the sound velocity of c 2 s = −1/3, which may make the cosmic perturbation damping at the large scale. We also find that the perturbation of energy and pressure are not depend on the cosmic fluctuate, so if we can not consider the filed perturbation δE, then δρ = δp ≡ 0, which can give an exact ΛCDM cosmic model, and is consistent with the observation. This is the second important difference from the scalar field models.
The Quantum Effective Yang-Mills Field
In the quantum YM field dominating Universe, The renormalization-group improved Lagrangian [9] [10] of the YM field is given by L ef f = F/2g 2 . Here F ≡ −(1/2)F a µν F aµν play the role of order parameter for the YM condensate, and g is the running coupling constant which, up to the 1-loop order, is given
where e ≃ 2.72. b = 11N/24π 2 for the generic gauge group SU (N ) is the Callan-Symanzik coefficient [11] , and κ is the renormalization scale with the dimension of squared mass, the only model parameter.
Thus the effective Lagrangian is
Assume the YM condensate is homogeneous and isotropic, so that the gauge fields are the functions of only the time t, A µ = i 2 σ a A a µ (t) (here σ a are the Pauli's matrices) are given by A 0 = 0 and
Define the YM field tensor as usual:
where f abc is the structure constant of gauge group and f abc = ǫ abc for the SU (2) case. So one
, and other are all zero. As usual, we can write the F aµ ν in a form as
thus F also has a simple form,
. The attractive features of this effective YM model include the gauge invariance, the Lorentz invariance, the correct trace anormaly, and the asymptotic freedom [9] . With the logarithmic dependence on the field strength, L ef f has a form similar to the Coleman-Weinberg scalar effective potential [12] , and the Parker-Raval effective gravity Lagrangian [13] . The dielectric constant is defined by ǫ = 2∂L ef f /∂F , and in the 1-loop order it is given by
As analyzed in Ref [10] , the 1-loop model is a universal, leading semi-classical approximation. Thus, depending on whether the field strength |F | ≥ κ 2 or |F | ≤ κ 2 , the YM condensate belongs to the family of matter forms whose dielectric constant ǫ can be positive and negative as well. The properties mentioned above are still true even if 2-loop order corrections are taken into account, an essential feature of the effective model [10] [14] .
It is straightforward to extend the model to the expanding Robertson-Walker spacetime. For simplicity we will work in a spatially flat R-W spacetime with a metric
where we have set the speed of the light c = 1, γ ij = δ i j denoting the background space is flat, and τ = (a 0 /a)dt is the conformal time. The dominant matter is assumed to be the quantum YM condensate, whose effective action is
By variation of S with respect to g µν one obtains the energy-momentum tensor T µν ,
From the definition of F aµ ν as before, we know
, one can easily get the nonzero components of the energy-momentum tensor are:
and
From Eq.(11) follows a conclusions of this study: the WEC can be violated: ρ+ p < 0, by the effective YM condensate matter in a family of quantum states with the negative dielectric constant ǫ < 0.
The whole range of the allowed values of F divides into two domains with |F | > κ 2 and |F | < κ 2 , respectively. In the domain |F | > κ 2 , one always has ǫ > 0, so the WEC is still satisfied. The other domain is |F | < κ 2 in which ǫ < 0, so that the WEC is now violated. The critical value ǫ = 0 at
Here a physical requirement has to be imposed in order for the model to make sense. In the case E 2 − B 2 = κ 2 , the expression of energy density gives ρ = bκ 2 /2 > 0, whereas the other case E 2 − B 2 < −κ 2 gives ρ = −bκ 2 /2 < 0 which is unphysical. So we consider only the "electric" condensate E 2 > B 2 . For simplicity, we consider the case of "electric condensate" with B 2 = 0. Then we have
It is clear from these expression that the energy density, the pressure, and the dielectric constant all depend on the "electric field" E 2 . At the particular point E 2 = κ 2 we have ǫ = 0, ρ = ρ 0 ≡ bκ 2 /2, p = −ρ 0 , ω = p/ρ = −1, and ρ + 3p < 0, i.e. the strong energy condition is violated.
The First order Einstein Equations of YM Field dominating Universe
Consider the flat Robertson-Walker metric with the scalar perturbation in the conformal Newtonian gauge,
The gauge-invariant metric perturbation ψ is the Newtonian potential and φ is the perturbation to the intrinsic spatial curvature.
Then the first order of Einstein equations become [15] :
where
From the definition of the energy-momentum tensor (8) and the metric of (14), we can get the first order energy-momentum tensor:
−δT
and others are all zero, where EδE = E 1 δE 1 + E 2 δE 2 + E 3 δE 3 , and similar for BδB.
To obtain the gauge-invariant equations of motion for cosmological perturbations in the universe dominated by scalar-field matter, we insert into the general equations the energy-momentum tensor δT µ ν . First of all, from the i − j (i = j) equation it follows that we can set φ = ψ, since δT i j = 0 (i = j). Substituting the energy-momentum tensor δT µ ν into the general equations and setting ψ = φ we find (in the conformal time):
where δǫ = (2EδE − 2BδB − 4B 2 φ)/(E 2 − B 2 ), the relation between δE and δB depends on the YM field equations as below.
The Yang-Mills Equations
First we consider the zero order YM kinetic equation. By variation of S with respect to A a µ one obtains the effective YM equation
For we have assumed the YM condensate is homogeneous and isotropic, from the definition of F a µν as before, it is found that the ν = 0 component of YM equations is an identity and the i = 1, 2, 3 spatial components are:
if ǫ = 0, then this equation is an identity. When ǫ = 0, this equation can be integrated to give
with C is the integral constant.
If the Universe is dominated by "electric" field, then from the energy and pressure of (12) and (13), we get the matter state of ω + 1 = 4 3 β, where ω = p/ρ, and β = ǫ/b. From (27), we get a 2 ǫE = constant. If the Universe is the nearly de Sitter expansion, which meaning β << 1, then we can get
for β << 1, then
which also means that
from which we can get the relation:
where ω 1 and z 1 are the matter state and redshift at time τ 1 , and ω 0 is the matter state of now.
From this, we can find, when β = 0, which also ǫ = 0, the energy density keeps constant. This can make the Universe have an exact de Sitter expansion. Now if the initial condition with β > 0, so ω > −1, then ω will run to the critical condition of ω = −1 with the expansion of the Universe. We also should notice that the matter only can approach the critical point but can not run across it to get ω < −1. When the initial condition is ω + 1 < 0, we will get the similar result, ω will run to the critical condition of ω = −1 but also it can not run across it to get ω > −1. In a word, the YM field dominating Universe will run to the critical de Sitter expansion with the expansion of the Universe.
In latter, we will find that from equation of energy conservation, we can get the same result, which tell us that the YM field equation and the energy conservation is self-rational.
Consider the first order approximation, the metric is as before with ψ = φ
then √ −g = a 4 (1 − 2φ). The equation kinetic equation is
one can get the perturbation equation:
which also can be written as
From which, we can immediately get the simple relation between δB and δE:
which is useful when solving the first order Einstein equations (20)- (22).
The Power Spectrum of the First Order Perturbation.
Here we only discuss the condition with B ≡ 0, then the first order energy-momentum tensor is
From Eq.(37) (38) and (39), we find that δT µ ν is independent on the metric perturbation of φ, which is also different with the scalar field dark energy [16] [17] [18] , so in the frame in which the YM field is unperturbed δE = 0, then δρ = δp ≡ 0, the "dark energy" is an exact de Sitter background if ǫ = 0, which is difficult to distinguished with the ΛCDM cosmic models, and this model fit very well with the CMB observation [19] [20] [21] .
If we consider the perturbation δE, from the first order Einstein equations, we can get
where we have used δǫ = 2bEδE/E 2 when B ≡ 0. From which we can get the main equation which describe the evolution of the metric perturbation φ with time:
. This is the main evolution equation of scalar perturbation. For the inflation field, the most important predict is that the inflation can give a scale-invariant scalar perturbation, which has been seen by the CMB power spectrum and large scale structure. Now we will first consider if the Universe dominated by this YM field can give a scale-invariant spectrum as the normal scalar inflation models? 1) First we should acquire that the inflation can exist, which mean p y < − 1 3 ρ y , from which we can easily get the a constraint on the YM field:
2) The energy density of the YM field should be positive, which generate the second constraint on the YM field:
3) For the equation of (43), we should can definite a vacuum state for the very large frequent waves (k → ∞), which acquire that γ < 0. This can give the third constraint on the YM field:
We find these three simple constraints on the YM field can not be satisfied at the same time, so it can not give a scale-invariant initial spectrum as usual scalar field inflation models. But recently, some have discussed a kind of curvaton reheating in non-oscillatory inflationary models [22] . In this kind of models, the initial spectrum and the reheating all can be generated by the other curvaton field. So even the YM field can not give the initial spectrum, the YM field curvaton field also can be a kind of inflation model, which will be discussed in the following work.
But the YM field can be a candidacy of dark energy yet. Let's calculate the evolution of the scalar field perturbation in this kind of dark energy-dominated Universe. Now the SNIa, CMB and LSS constrain the dark energy with state p ≃ −ρ, so here we can choose the YM field with ǫ = 0 to describe the dark energy. In general the fractional perturbations δ i ≡ δρ i /ρ i of a non-interacting fluid evolve as [16] [23][24]
where H is the conformal Hubble parameter as before, v i is the velocity, ω i = p i /ρ i , and the sound speed c 2 s is the frame-dependent, and defined as c 2 s = δp/δρ. Here we have ω de = −1 for ǫ = 0, from (37) (38), we know c 2 s = −γ = −1/3, so the equation becomes
which has the solution of δ ∝ e −2 Hdτ . In the dark energy dominant Universe with a ∝ 1/τ , this solution becomes δ ∝ a −2 , which means that, in this Universe, the perturbation of the density will damp quickly with the expansion of the Universe.
Now we discuss the evolution of the cosmic scalar fluctuate φ in the YM field dark energy models.
Neglecting anisotropic stress, the potential φ evolves as
where p = i p i , ρ = i ρ i , which should include the contribution of baryon, photon, neutron, cold dark matter, and the dark energy. But here we consider the Universe only with YM field dark energy, which has the ω de = −1 and c 2 s = −1/3, so the equation become:
which is same with the equation of (43) with γ = 1/3. Define u = aφ, one can get
where u k is the Fourier component with wavenumber k, we have used that a ∝ 1/τ , which has the solution of
when kτ << 1
and when kτ >> 1, one has the growing solution
We find in this Universe, the growing of the perturbation is very different with the normal Universe. For the perturbation with large wavelength, which is out the horizon, it always damping with the expansion of the Universe, but for the perturbation with shorter wavelength, which is in the horizon, it will have a vary rapid growing with time, which is for the sound velocity c 2 s = −γ = −1/3 < 0. This should have important effect on the large scale ISW effect of CMB, especially for the CMB quadrupole, which has been deeply research on the scalar field dark energy models [25] [26] [27] [24] [28] .
But here the result is only qualitative for we have not considered the effect of the matter, for example baryon, photon,neutron, dark matter and so on, which are also very important on the evolution of the perturbation, because of the Universe only entering the dark energy dormant stage very recently. Now let's look if the condition if ǫ = 0 is a steady state. From the zero order YM field of only "electric" YM field, we have found that the critical state with ǫ = 0 is steady. Now we consider it in Einstein field equations.
From the Friedmann equations of,
where "dot" denotes d/dt. We can easily get the equation of energy conservation:
For this YM field has the energy and pressure of
from which we get the matter state of ω + 1 = 4 3 β, where ω = p/ρ, and β = ǫ/b. So the energy conservation has the form:
From eq.(56) and the definition of β, we know β = ln(
which means dρ/ρ = 2dβ, put it inside to (57), we can get
which also generate the relation:
This result from Einstein equations is same with the YM equation. They all tell us that the "electric"
YM field with ǫ = 0 is a steady state, the Universe dominated by this kind of matter will be the nearly de Sitter expansion. This is the main important difference with the normal scalar field dark energy models.
Conclusion and Discussion
We have discussed the perturbation of the YM effective field theory to study if it can be a kind of candidate of inflation field or dark energy. We studied the zero order and first order Einstein equations, from the zero order equation, we found that the YM field naturally has the matter state of ω < −1/3, which violates the strong energy condition, even it can also give ω < −1. We also gave the the zero order and first order YM field equations, which tell the movement of the YM field, and the relation of perturbation of electric field and magnetic field. The most importance is that if it also give the scale-invariant initial perturbation spectrum as the scalar models for as a kind of candidate of inflation field, which can be calculated from the first order of Einstein field equations and YM field equations. Here we only discussed the YM field with only electric field, but find that it is impossible, It can not satisfy three basic condition at the same time: the energy is positive, the Universe is accelerating expansion, the perturbation was generated from quantum fluctuate.
Then we discussed the character of electric field as a kind of dark energy. From the zero order of YM field equation, we got a simple relation of the matter: 1 + ω ∝ (1 + z) 2 , which tell us that ω will go to −1 with the expansion of the Universe, no matter its initial value is larger than −1 or smaller than −1. But it also tell us that ω can not cross −1, which like the K-essential phantom energy. This result can also be get from the Einstein equation, which reflect that this theory is self-consistent.
From the first order Einstein equations, we got the equation of the the YM perturbation, and found that this field is very different with the scalar field dark energy model. This YM field has the sound velocity of c 2 s = −1/3, which may make the cosmic perturbation damping at the large scale. We also found that the perturbation of energy and pressure are not depend on the cosmic fluctuate, so if we can not consider the filed perturbation, then δρ = δp ≡ 0, which gave an exact ΛCDM cosmic model, and is consistent with the observation. This is the second important difference from the scalar field models.
But in this paper, we have not considered the interaction of the YM field dark energy with the matter, especially with the dark matter, which had been partly discussed by Zhang [8] . The exact results of the cosmic perturbation's evolution in the YM field dark energy+CDM models need to consider the fluctuate movement of baryon, dark matter, photon and the neutrino, which will be discussed in the following work.
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